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PROVISIONAL SPECIFICATION 

Imprnvemeiate m or irelaftmg to ftlhe FracfcSomisiftioini off the 
CompoBerafts off a Miisftiare im Solutions 

We,. STANiKsr Miles Pautiudgjs, 

BoiiAKD GoEDON Westail and Jambs 

Reginald Bendali/, all of the Low Tern- 

peratnre Research Station, Downing 
O Street, Cambridge, all British Subjects, 

do hereby declare the nature of this 

invention to be as follows: — 

Methods of fractionation of the com- 
ponents of a mixture in. solution by difEer- 
10 ential adsorption in a filter column of an 

adsorbent such as ajumina, active clay or 

active charcoal are well hnown, including 

so-called flowing methods and a particular 

development (due to TiseleuB) applicable 
16 to substances which . are not irreversibly 

adsorbed consists in first forcing a small 

volume of ifhe solution into the top of the 

column and then washing with a solution 

of substance (the " developer which is 
20 more strongly adsorbed than any of the 

components of the miztore. . The latter is 

thus forced to move in front of the front 

of the developer, and is separated into 

different zones, each of which contains one 
26 component. Thus as the flow of developer 

solution is continued, the fractions con- 

stituting the^ zones flow out of the column 

in turn and if the components are known, 

it suffices to measure, some physical pro- 
80 perty of the outflowing solution which 

varies with the components, e.g. .the 

refractive index. By plotting the results 

(which by suitable apparatus can be done 

continuously) a. curve with quite sharp 
85 steps is obtained, the . dimension of the 

steps along one axis constituting* a quali- 
tative analysis, and along the other axis 

constituting a quantitative analyfitis. 
The present invention is concerned 
40 with a similar method of fractionation, 

but instead of using a filter column 

depending on a purely physical effect, it 

uses a coltunn having a reversible 

chejnical effect, the developer being^ a 
^ substance which, has a stronger affinity 

for the column material than has auv of 

the components to be separated. Ion- 
exchange materials constitute one class, of 



material which can be used in this way, in 
particular synthetic resinous ion-exchange 60 
materials, and the invention will be 
further .described by reference to such 
materials, which are used as. a column 
packing In the form of particles graded by 
sieving. 

The solution containingf the mixture of 
organic substances which, may also con- 
tain in organic salts, is passed at a. uni- 
form speed through the column, and 
those ions, acids or bases, that are reactive 80 
towards the ion-exchanger used for pack- 
ing the column, are absorbed or com- 
bined, while ions of opposite charge or 
electrically neutral substances flow out 
with the solvent. The solution is allowed 65 
to pass until a oertain proportion of the 
ion-«xchange material is saturated and 
will absorb no more, when the. flow of solu- 
tion is discontinued. At this point a 
boundary has. formed some distance along 70 
the tube, which divides the saturated from 
the unsaturated portion, of .the column, 
and to . some, extent the absorbed com- 
ponents of the solution have" arranged 
themselves in order of decreasing affinity 75 
for the ion-exchanger, the most strongly 
combined substances appearing in the 
first part of the column. A developer in 
the forpa, of a solution containing an 
appropriate concentration of a substance 80 
which is more strongly combined than any 
of the substances to be separated, and 
which may be either an organic or an 
inorganic acid or base, is then passed 
through the column at a regulated rate. 85 
This substance forms a sharply bounded 
band at the beginning of the column dis- 
placing the most strongly combined com- 
ponent of the original solution. This in 
turn displaces the next component, until 90 
a time' is reached at w:hich the system 
acquires a dynamic equilibrium and the 
components form a series of sharply 
separated bands, all moving alon^ the 
coluinn together. Wlien the least strongly 95 
combined component rieaches the end of 
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tke ealumn it flows out witli the solvent. 

Since in general tlie components wiU 
not be cotonred substances and tlie 
separat-e bands formed by the individual 
6 solutes on the column will not be visible, 
a means is necessary whereby the composi* 
tion of the effluent liquid may be con- 
tinuously observed, in order to determine 
at what time it is necessary to change the 
10 receiver collecting the effluent so as to 
separate iclean . .'f rapfionfl, . JFor this pur- 
pose measurement of one or more of the 
physical properties of the components 
may be used. The most useful of these 
15 properties are electrical conductivity, 
hydrogen ion concentration and refractive 
index, but in particular cases other pro- 
perties may be utilised: the most suitable 
"physical properties to be measured raust 
20 be chosen in relation to the properties of 
the components in the solution, each case 
bein^ considered on its merits. 

For the properties referred to, the 
apparatus is comi>leted by the provision 
26 of suitable instruments for the measure- 
ment of electrical conductivity, hydro- 
gen ion concentration and refractive index 
of the Uquid flowing from theL, column, 
these instruments to be arranged either 
80 to ffive a continuous indication or to make 
a permanent record on a graph or photo- 
graphic film of the changes in the pro- 
perties meas\ired. . An arrangement is 
also required whereby the volume of each 
85 fraction may be measured or its weight 
observed, and switch gear may be incor- 
porated to change the receiver automatie- 
allv as a new fraction appears. 

The ion exchange' material may be a 
40 substance which is capable of forming 
insoluble salt-like complexes with acids, 
or may be similarlv reactive with bases 
and the insoluble salts so formed should 
possess the property of reversible dis- 
45 sociation, so that weakly reacting ions, 
acids or bases, may be quantitatively dis- 
placed under the proper eonditions by 
those which have a stronger affinity for 
the ion exchange material. SyntJietic 
CO resins prepared by the^ polymerization of 
smaller molecules having an acidic or 
basic function are suitable. 

The solution containing the mixture of 
organic substances to be separated may be 
55 an aqueous extract or may contain vary- 
ing proportions of organic solvents 
miscible with water such as alcohol or 
acetone ; the use of organic solvents in this 
way may be necessary where some of' the 
60 components to be separated have low 
solubilities in water alone. When the 
solution contains mixed organic and 
inorganic salts, as is very common with 
extracts of biological origin, the solution 
95 may be first passed through a column con- 



taining u synthetic resin with basic pro- 
perties which removes anions and leaver a 
solution containing free bases, both 
org*anic and inorganic, together with non- 
electrolytes. The effluent solution may 70 
then be passed through a column with 
acid properties which removes the bases, 
the non-eleetroljrtes flowing through with 
the solvent. Solutions more suitable for 
senaration may then be obtained from the 76 
columns, by passage of an acidic developer 
in the one case and a basic develoTjer in 
the other: by suitable fractionation a 
solution containing organic acids only 
may be recovered from the column with 80 
basic properties and a similar fraction 
containing orgaiuc bases only may be 
obtained from the column with acid pro- 
perties, the two solutions then being dealt 
with separately on the appropriate 85 
columns. 

It should be mentioned that efficiency 
of separation is directly related to the 
height of the band occupied by the 
individual to be separated. For ' good 90 
separation on laboratory columns this 
height should be as much as 10 cms. so 
that for solutions containing a large 
number of components the columns 
become inconveniently long. We find 95 
however that the desired effect can be 
obtained by attaching a narrow subsidiary 
column packed with fine material to the 
bottom, of the main column. The main 
column can then be shorter and wider and 100 
is consequently more easily packed and 
handled. 

The following example will further 
illustrate the nature of the invention: — 

A column was packed with 3 gms. of a 106 
synthetic castion-exchange resin and 
mounted* above an assembly consisting of 
a conductivity cell and a glass electrode 
cell, both arranged for the continuous 
measurement of the conductivitv and pn 110 
of the effluent from the column, the two 
cells and a socket for the column all bein? 
built of methyl-methacrylate plastic". 
The ion-exchange material was activated 
by the passage of 2 hydrochloric acid, 116 
and was then washed with distilled water 
until theL_ conductivity and pu readings 
showed that the effluent was substantially 
free from hydrochloric acid. 

A mixture containing creatinine (192 120 
mgs.) and glycine (US mgs.) dissolved in 
20 ml. of water was then passed into the 
column. The substances were adsorbed in 
the upper part of the column and as both 
test substances had the propertv of modi- 125 
fymg the brown colour of ' the ion- 
exchange material, their presence was 
shown by the formation of two bands, one 
of them orange-yellow in colour and the 
other red-brown. In order to remove 180 
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traces of anions present as impurities in 
the test substances, the columns were 
then washed with distilled water (50 mis.) 
until the conductivity of the effluent fell 
5 to a value approaching that of the dis- 
tilled water used for washing. 

Ammonia solution (0.0213 H) was then 
passed into the column in order to dis- 
place the bands due to the test substances 
10 and to cause their passage down the 
column. The part of the column occupied 
by the ammonia was dark brown in 
colour, and as they passed down the 
column, the fronts due to the three sub- 
IB stances were observed to become more 
sharp, 

IVom the time the ammonia solution 
was applied to the first appearance of 
glycine in the effluent 275 mis. of sub- 

20 stantially pure water flowed from the 
column. Prom then on to the final 
appearance of pure ammonia solution in 
the effluent, recordings of resistance in 
ohms across the conductivity cell and 

25 millivolts across the glass electrode cell 
were taken at intervals of 1 ml. and the 
results were plotted. As the glycine 
increased in concentration when its front 
reached the lower orifice of the column 

80 the resistance rose to 4.76 x 10* ohms. At 
this value it remained substantiallv 
stationary until the front due to creati- 
nine reached the orifice. A marked fall 
in resistance followed and resistance 

86 measurements again became stationnry 
when the last of the sylycine left the 
column and the effluent consisted of pufe 
creatinine solution only. Similarly, the 



resistance again fell shari)ly and then 
reached a further stable level as the 40 
ammonia boundary reached the bottom of 
the column!. 

Since the test solutions were displaced 
in order of increasing strength as bases , 
the p5i measurements increased in steps, 46 
the shape of the curve being the inverse 
of that given by the measurements of 
resistance. 

In order, to verify the purity of the 
fractions lying under the flat portions of 6© 
the curves, analyses were carried out on 
appropriate fractions of the effluent. The 
recovery of creatinine in a pure con- 
dition was 63.5 percent, and the total 
recovery was 99 percent.; while the 0& 
recovery of pure glyciije was 74.5 per- 
cent., the total recovery being 100 per- 
cent. 

It should be pointed out that the per- 
centage recovery of the pure components 60 
shown in this experiment should not be 
taken as an indication of the probable 
efficiency of industrial applications of the 
method since the apparatus used was 
designed for the separation of small 05 
quantities of material as a laboratory 
micro-method. Efficiency is considerably 
improved, by^ use of longer columns and 
larger quantities of material. 

Dated this 29th day of Mav, 1947. 
SEETOF-JOTTES, O'DfiLL & 
STEPHENS, 
Chartered Patent Agents, 
15, Great James Street, London, "W.C.I, 
Agents for the Applicants. 
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We, SxAm/EY Mmss Pakcbidgb, 
Roland Gokdon Westai^l and James 
Reginald Bendaxl, all of the Low Tem- 
perature Research Station, Downing 
Street, Cambridge, all British Subjects, 
do hereby declare the nature of this 
invention and in what manner the same 
is to be performed, to be particularly 
described and ascertained in and by the 
following statement: — 

Methods of fractionation of the com- 
ponents of a mixture in solution by 
differential adsorption in a filter colximn 
of an adsorbent such as alumina, active 
clay or active charcoal are well known, 
65 including so-called flowing methods and a 
particular development (due to Tiseleus) 
applicable to substances which are not 
irreversibly adsorbed consists in first 
passing a small volume of the solution 
into the top of the column and then wash- 
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ing with a solution of substance (the 
'* developer which is more strongly 
adsorbed than any of the components of 
the mixture. The latter is thus forced to 
move in front of the front of the ©5 
developer, and is separated, into different 
zones, each of which contains one com- 
ponent. Thxis as the flow of developer 
solution is continued, the fractions con- 
stituting the zones flow out of the column 100 
in turn and if the components are known, 
it sufiSces to meastire some physical pro- 
perty of the outflowii}^ solution which 
varies _with the components, e.g. the 
refractive index. By plotting the results lOg 
(which by suitable apparatus can be done 
continuously) a curve with quite sharp 
steps is obtained » the dimension of the 
steps along one axis constituting a quali- 
tative analysis and alonff the other axis 110 
constituting a quantitative analysis. 
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Processes liave been described for tlie 
sepanitioii of orgtinie solutes oi bioIogivt>l 
ongpin from solutions contiiiuiac? mi::Uires 
thereof by passin<? tlie solution tliroii^li 
6 a goltimu of ion-sseliange raaterial, in 
particular, an ioa-esclian^e syutlietic 
resin, tlie solutes beiii^^ adsorber! hj tlie 
ion-esciian:?e material and then desorb'^d 
and separated from one anotber by succes- 

10 sive treatment Tntli different dei'cibiag' 
agents or desorbing ag'ents of different 
strengths. Such process- make u?e " of a 
reversible eheroical effect, ezchibited 
ion-escbange materials and in particular 

16 synthetic resinous ion-eschan!Te materinls. 
The jjresent invention is* concerned Tvith 
a metliod of fractionation of solutions 
containing mixed solutes consi^tiT^'r nt 
least in pairt of solutes of bioloTz^-:! 

20 ori<yin, similar to Tiseleus floTvinf? method 
above described, but, as in the other prior 
nrocesses mentioned, usin<? a filter column 
having a reversible chemical effect, bitt 
the present invention employs a single 

25 developer comorisinc? a solution of p .?ub- 
stanee ^hich lias a stronger affinity' for 
the column material and is raore st?oi3§lv 
bound thereby than any of the compoueats 
io be separated, vrhereby the compcn^nts 

SO are displaced in turn according to their 
relative affinities for the column Viiat^rinl. 
The invention v:ill be further de?cri'^:^ T 
by reference to synthentic resinous ion- 
exchange materials^ xrhicli are used as a 

35 column packing in the form of particles 
graded by sieving. 

The invention enables organic soUiies t»f 
biological origin such as amino-acids.. 
amino-sugars, and their derivatives to be 

40 cleanly separated, a matter of consider- 
able difficulty by Inxo-Ts^n methods. The 
solvent will in gener^il be ^rater but need 
not be and in some cases, as xriil be 
explained below, advantages are obtain- 

4S able by the use of mizied solvents. 

The solution containing the mixed 
solutes to be fractionated is passed at a 
uniforra speed through the column, and 
those comijonents or ions, acidic or bn^sic.. 

go that are reactive toTvards the ion- 
exchanger used for ] acljing the column, 
are absorbed or combined, vrhile com- 
ponents or ions of opposite character or 
charge to those absorbed or electrically 

55 neutral substances flo\r out Trith the sol- 
vent. The solution is allowed to pass until 
a certain proportion of the ion-exchange 
material is saturated and ^11^ absorb bo 
more, irhen the flow of solution is dis- 

60 continued. At this point a boundary has 
formed some distance along the tube, 
^rhich divides the saturated from the 
unsaturated portion of the column, and to 
some extent the . absorbed or combined 

65 components of the solution have arranged 



themselves in order of decx'easiug afiinity 
for the iou-exehanger. the mo<t stxougly 
combined comiion-?nis aiJXJeuring in tlie 
iirst part of the column. A develoi^er in 
the form of a solution containing an 70 
appro pri. t^ concent rat ion of a substauce 
^hich v.ill be more strongly combined by 
the column material than any of the sub- 
stances to be separated, and which may 
be either an organic or an inorganic iv-Ul 75 
or base, is then pa.ss^^d through the 
column at a regulated rate. Thi? sub- 
stance fomis a sliarply boiuided band at 
the beginning of the column displacing 
the most strongly combined component of 80 
the original sohition. This in turn dis- 
places the next component; until a time 
is reached at Trhich the system acquires a 
dyiiamic eg^uilibrium a:id the components 
form a series of sharply separated baud.?. 86 
all moving along the column tcgeihor. 
Trhen the least strongly combined com- 
ponent reaches the end of the cohuan it 
noTTs out vTith ihe solvent. 

Since in general the comijonents will 90 
not be coloured substances and the 
separate bands formed bv the individual 
solutes of the column will not bs visible, 
a lueans is necessary Trheriby the com- 
position of the eMuem ?*quid may be cc:i- 95 
tiuuously observed, in older 10 determine 
at —hat time it is necessarj- to change the 
receiver collecting* the eiiiueni? so as to 
separate clean l-ractions. For this pur- 
x^ose measurement of one or more of the IQO 
physical pro^perties of the comijonents may 
bc» iizjed. The niosfc useful of these pro- 
perties are electrical conductivity., hydro- 
^yen ion concentration and reiraetivt^ 
index, but in particular cases other pro- j^Qg 
perties may be uiilised; ihv.- niosi; suitable 
physical properties to be mtasurtd musi 
;XiC5-?ii in leiatioji to the proi)eriiy« oi 
tlie coiiipcneiits in the solution., eaeli ease 
bain.!^' considered on its merits. - HQ 

ior the^ pi-operti^rs referred vo, vLe 
i:pijai\ti:us is conipitced fay ihe piovisioii 
Ox suitaoie iiistru3u.enis oi iaiown iiind l'->r 
the measaiement ol eieetiical coailuL- 
vivity, hydrogen ion coneeuriation an.l;ur 1X5 
rei'ractive inuex of the liiiuid lioivij;-^- 
from the column. Th^sfe instruments ai^^ 
aiTanged either tc give a continuous intli- 
caaon to enable the oiJerv.tor to ehant^L^ 
the receiver as u ne~/ tracdon api^eais or 12O 
by 2/iearis of switch-gear and iiitt:]iun-'i>ni 
of known kind to change ihe receiver 
automatically as a new fraction app-ar-. 
The instruiiients mar also be arran^^cd to 
make a permanent record on a graph 01 105 
photographic film of the changes in th- 
l^roperties measured. An arran^tiKeut 
may also be provided whereby the volume 
of each fraction may be measure! or its 
weight observed. " igQ 



644^382 



Ab an alternative arrangement for 
following changes in composition of the 
effluent solution, the solution as it £owb 
from the column may be divided into a 
fi large numher of fractions of equal 
volume. Samples may then be taken from 
these fractions for the purpose of measur- 
ing physical properties such as electrical 
conductivity, ps. or refractive index, or 

10 for chemical analysis. One suitable 
analytical procedure is to titrate a 
measured sample from the fraction with 
standard alkali, if the fraction contains an 
acid or with standard acid if the fraction 

18 contains a base. Alternatively a qualita- 
tive analysis may be carried out on each 
fraction means of the method of filter 
paper partition chromatography which is 
now well known. (Consden R., Gordon 

30 A.H. and Martin A. J. P. 1944 Biochen. 
J. 38, 224). This latter method is par- 
ticularly well suited where the mixture to 
be separted is a protein hydrolysate, and 
thus contains a large number of amino- 

25 acids all of which may be identified by 
means of the filter ^aper partition 
chromatogram. The division of the 
effluent solution into fractions of equal 
volxime may, for preference, be carried 

80 out automatically by means of one of the 
known machines designed for this 
purpose. 

The ion-exchange material may be a 
substance whidi is capable of forming 

35 insoluble salt-like complexes with acidic 
components or ions^ ox may be similarly 
reactive with basic components or ions, 
and the insoluble salts so formed should 
possess the property of reversible dis- 

40 sociation, so that weakly reacting com- 
ponents or ions, acidic or basic, may be 
quantitatively displaced under tne proper 
conditions by those which have a stronger 
affinity for the ion-exchange material. 

45 Synthetic resins prepared by the poly- 
merization of smaller molecules having an 
acidic or basic function are suitable, and 
such resins are eommercially obtainable 
products. For example the resin sold 

50 under the trade name Zeo Karb 216 
Zeo-Karb " being a registered trade 
mark) has properties similar to those, of 
a sulphonated phenol-formaldehyde resin, 
while that sold under the name 

55 " Deacidite B " has properties similar to 
those of a phenylene-dxamine-formalde- 
hyde resin. . _ 

The solution containing the mixture of 
substances- to be separated, e.g. organic 

00 substances of biological orig[in such as 
amino-acids or their derivatives, may be 
an aqueous extract or may contain vary- 
in{> proportions of . organic . solvents 
luiscible with water such as alcohol or 

65 acetone; the use of organic solvent.8 in 



this way may be necessary where some of 
the components to be separated have low. 
solubilities in water alone. A proportion 
of organic solvents may be mixed with - 
the solution to be separated for the pur- 70 
pose of modifying the ionic dissociation of 
one or ail of the components of the mix- 
ture in order to seoTire a better separation. 
For instance the separation of serine and 
glutanic acid on a column of the cation 76 
exchanger Zeo-Karb 215 is not satis- 
factory where a purely aqueous solvent is 
used but the presence of acetone selec- 
tively modifies the dissociation of 
glutanic acid and the components may 80 
readily be separated on the same colximn 
when equal parts of acetone and water are 
used as the solvent. 

Solvents which are not miscible with 
v/ater may also be used with advantage for g6 
the purpose of particular s^arations. In 
this case since ion exchangers are hygro- 
scopic, they contain water bound within 
the particles, and two liquid phases are - 
set up within the column; a stationary 90 
water phase bound by the resin and the 
moving solvent phase which may also con- 
tain water dissolved in it. Under these 
circumstances if one of the components of 
the mixture to be separated has a more 95 
favourable partition coefficient between 
water and the solvent tiian the other com- 
ponents it will be preferentially dissolved 
m the solvent phase and will thus pass 
further down the column. jqq 

When the solution contains mixed 
organic and inorganic solutes, as is very 
common with extracts of biological origin, 
the solution may be first passed through 
a column containing^ a synthetic resin jqs 
with acid properties which removes 
cations and leaves a solution containing 
free acids,' both organic and inorganic, 
together with non-electrolytes. The 
effluent solution may then be passed 1 iq 
through a column containing a synthetic 
resm with basic properties which removes 
the acids, the non-electrolytes flowing 
throuffh mth the solvent. Solutions more 
suitable for separation may then be 115 
obtained from the columns, by passage of 
a basic developer in the one case and %in 
acid developer in the other : by suitable 
fractionation a solution containing 
organic acids only may be recovered from 120 
the column with basic {properties and a 
similar fraction containing organic bases 
only may be obtained from the column 
with acid properties, the two solutions 
then being dealt with separately on the IQ5 
appropriate columns. 

Where the original solution is acid in 
character it may be advantageous to 
reverse the "above procedure and to pass 
the solution first through an anion- 130 
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exchanger to bind free acids and anions, 
and af t^rw^ards to pass it through a cation- 
exchanger to remove the residual cations. 
The two columns are then developed with 
t the appropriate acidic or basic reagents; 
and if necessary fractions taken during 
development may be further fractionated 
on smaller columns. 

It should be mentioned that efficiency 

10 of separation is directly related to the 
height of the band occupied by the 
individual to be separated. For good 
separation on laboratory columns this 
height should be as much as 10 cms, so 

16 that for solutions containing a large 
number * of components the columns 
become inconveniently long. We find 
however that the desired effect can be 
obtained by attaching a narrow sub- 

20 sidiary column packed with fine material 
to the bottom of the main column. The 
main column can then be shorter and 
wider and is consequently more easily 
packed and handled. 

35 The yield of a component obtained in 
pure condition from a single passage 
through the column is related to the 
sharpness of the boundaries of the bands 
formed by the components, and in general 

80 it is found that the boundaries are 
sharper, the lower the rate of flow of the 
solution through the column. Fine grind- 
ing of the ion-exchanger increases the 
sharpness of the boundaries; for example, 

35 where the base exchanger Zeo-Karb 
215 " is used it has been found thai for 
best results the resin should be ground 
and graded between 40 meshes per inch 
and 60 meshes per inch wire sieves. 

^0 Many commercial cation exchange 
resins contain, in their structure, phenolic 
hydroxyl groups in addition to the sul- 
phonic acid radicles to which their pro- 
perties as cation exchangers may be mainly 

^5 attributed. The presence of phenolic 
hydroxyl groups is a disadvantage where 
the resin is applied to the separation of 
bases stronger than ammonia since under 
highly alkaline conditions, these groups 

5Q react slowly with strong bases leading to 
diJ^use boundaries. In the separation of 
strong bases it is therefore of advantage 
to use a cation exchange resin which does 
not contain an appreciable proportion of 

55 free phenolic hydroxyl radicles. 

The following examples will ftirther 
illustrate the nature of the invention : — 
(1) A column of- 9 mm. diameter and 
10.5 cm. height was packed with 3 gms. 

flO of a synthetic cation exchange resin 
(** Zeo-Karb 215 ''—ground to 40—60 
mesh) and mounted above an assembly 
consisting of a conductivity cell and a 
glass electrode .cell> both arranged for tlio 

fi5 continuous measurement of the . condu«> 



tivity and of the effluent from the 
column, the two cells and a socket for the 
pnl iiTTin all being built of poly-methyl- 
methacrylate plastic parts, sealed togetaer 
with petroleum jelly. The ion-exchange ijq 
material was activated by the passage of 
2X hydrochloric acid, and was then 
washed with distilled water until the con- 
ductivity and z>H readings showed that 
the effluent was substantially free from 75 
hydrochloric acid. 

A mixture containing creatinine (192 
mgs.> and glycine (IV^ mgs.) dissolved in 
20 ml. of water was then passed into the 
column. The sulDstances were adsorbed BO 
in the upper part of the column and as 
both test substances had the property of 
modifying the brown colour of the ion- 
exchange matei'ial, their presence was 
shown by the formation of two bands, one 85 
of them orange-yellow in colour and the 
other red-brown. In order to remove 
traces of anions present as impurities in 
the test substances, the columns were then 
washed with distilled water (50 mis.) 90 
until the conductivity of the efiiuent fell 
to a value approaching that of the dis- 
tilled water used for washing. 

Ammonia solution (0.0213 1\) was then 
passed into the column at a rate oIL 2.0 ml. 95 
per minute in order to displace the oands 
due to the test substances and to cause 
their passage down the column. The part ' 
of the column occupied by the amiuoi^ia 
was dark brown in colour, and as they 100 
XJassed do^vn the column, the ii:onts due 
to the three substances were observed 
to become more sharp. 

irom the time the ammonia solution 
was apxjlied to the fLret appearance of 105 
glycine in the efiiuent :-^7d mis. of subsvau- 
tiaily pure water iiowcd from the column* 
From then on to the tiiial appearance oi 
puie ammonia solurion in the effluent^ 
recordings oi resistance in ohms across the IIC 
conductivity cell and millivolts across the 
glass electrode cell were taken at intervals 
of l..mL and the results were plotted. 
The results are shown in JTigure 1 of the 
accompanying drawings. It will be seen 115 
that as the glycine increased in concen- 
tration when its front reached the lower 
orifice of the volumn the resistance rose to 
4.75x10* ohms. At this value it 
reniBined substantially stationaiy until 120 
the front due to a creatinine reached the 
orifice. A marked fall in resistance 
followed and resistance measurements 
again become substantially stationary at 
2.27 X 10* ohms when the last of * the 125 
glycine left the column and the effluent 
consisted of pure creatinine solution only. 
Similarly, the resistance again fell 
sharply and then reached a further 
stable level at 0.25 x10* ohms as the ISO 
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ammonia botmdary readied the bottom of 
the column. 

Since the test solutions wexe displaced 
in ordeir of increasing strength as oases^ 
S the PB. measurements increased in steps, 
as also shown in Figure 1. The shape of 
the 2?H curve is accordingly the inverse of 
that given by the measurements of 
resistance, 

10 In order to verify the purity of the 
fractions lying under the nat portions of 
the curves, analyses were carried out on 
approipriate fractions of the effluent. The 
recovery of creatinine in a pure condition 

1ft was 63 ♦ 5 per cent, and the total recovery 
was 99 per cent. • while the recoverv of 
pure glycine was 74.5 per cent., the total 
recovery bein^ 100 per cent. 

It should be pointed out that the per- 

20 centage recovery of the pure components 
shown in this eacperiment should not be 
taken as an indication of the probable 
efficiency of larger scale applicatiouB of 
the method since the apparatus used was 

23 designed for the separation of small 
quantities of material as a laboratory 
micro-method. •Effi.oiency is considerably 
improved by use of longer columns and 
larger quantities of material. 

30 Figure 2 ^ives the results of an experi- 
ment in which a mixture of aspartic acid, 

glycine and histidine were separated by 
isplacement with ammonia solution. 
The column used was 15 mm. in diameter 
86 and 400 mm. high. It con-tained 28 gm. 
(dry wt.) of " Zeo-Karb 215 " which had 
previously been ground to 40 — 60 meshes 
iper inch and prepared according to the 
procedure indicated in Example 1. An 
40 aqueous solution (1 litre) containing 
aspartic acid (2.0 gms.), glycine 
(2.0 gms.) and histidine mono-hydro- 
chloride (2.7 gms.) was passed through 
the^ column at a rate of 250 ml. /hr.^ after 
45 which the column was washed with a 
further 500 ml. distilled water in order 
to ensure the removal of residual hydro- 
chloric acid from the amino-acid hydro- 
chloride. 

Yield Yield 

100 Aspartic acid - 1.63 g. 81.5 

Glycine - - - 1.54 77 
Histidine - - 1.77 80.5 



Displacement was carried out with 50 
O.ION ammonia solution (1210 ml.) which 
was introduced at a rate of 200 ml./hr., 
and the effluent was collected in 10 ml. 
fractions. The conductivity of the 
effluent was recorded continuously during 55 
the nin, and the results are plotted in the 
form of a smooth curve in Figure 2. The 
figure also shows readings deter- 

mined on every 4th fraction after the run 
was complete. 60 

It will be seen from the form of the 
curves that the course of the fractiona- 
tion can be followed from the pH, and con- 
ductivity measurements alone, but in 
order to provide a more sensitive check on 65 
the purity of the fractions, a drop of the 
solution was taken from each 10 ml. frac- 
tion and introduced on to a filter paper 
chromatogram. This was irrigated with 
phenol and develox)ed with ninhydrin 70 
according to the technique of Consden 
et al (1944). The resulting chromato- 
gram is represented in Figure 2 in the 
form of a histogram. The areas enclosed 
by dotted lines at the leading and trail- 76 
ing edges of the amino-acid bands repre- 
sent the presence of the amino-acid as a 
trace only. It is clear from the histo- 
gram, that the effluent collected in frac- 
tions 1 — 42 contained aspartic acid only, 60 
while that in fractions 56 — 92 and frac- 
tions 101 — 114 contained pure glycine 
and pure histidine respectively. Frac- 
tions 115 — 121 contained histidine and 
ammonia, but since the latter may readily 85 
be removed by evaporation under reduced 
pressure, the material is suitable for addi- 
tion to the main histidine fraction. 

Fractions 1 — 44, 56—92 and 101 — 121 
were combined and in each case the solu- 90 
tion was evaporated to small bulk under 
reduced pressure. The concentrated solu- 
tions were then evaporated to dryness 
under vacuum. A colourless crystalline 
product was obtained in each case, in the B6 
yields given below ; the purity of the frac- 
tion was confirmed by analysis for 
nitrogen, 

% If% 

10.5 (C^H^O^N requires 10.53) 
18.7(C,H,0,N . „ 18.67) 



27.0 (C 



27.10) 



(3) A column was packed with 150 
gms, of a sample of " Zeo-Karb 215 " 

105 that had been cycled several times 
between 2]Sr.]SraaH: and 2N.HC1 (dia- 
meter of column 2.0 cms., height -of 
column 106 cms., particle size 20 — 40 
mqsh). Commercial egg albumin (10 g.) 

110 was hydrolised with 5.5N HCl (30 hrs.) 
and most of the volatile acid removed by 
evaporation under vacuum. The hydro- 
lysate was introduced on to the column 
and NaOH solutim .(0.1 Iff) was then 



applied as the displacement develojper at 115 
a rate of 7.5 ml. per minute. 4.7 litres of 
effluent passed before conductivity read- 
ings indicated break-through of amino- 
acids.- The effluent was then collected in 
160 fractions each of 10 mis. until the 120 
conductivity indicated the break-through 
of NaOH. Alternate fractions were tested 
bv introducing spots of the liquid on to 
filter paper chromatograms, and on the 
basis of the qualitative ' analysis so 126 
obtained .the effluent fraotjioiis weare 
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grouped to form 6 main fractions con- 
taining (1; aspartic acid and tiaces of 
serine. (2) glutamic acid, serine and 
threonine plus a smaij quantity of 
g aspartic acid. (3) glycine and alanine 
plus small quantities of glutamic acid and 
Taline. (4j alanine, valine, the leucines, 
proline, cystine, metliionine, plienylala- 
nine and tyrosine plus traces of Listidine. 

10 (o) a fraction ricK in Listidine. (6) a 
fraction rich, in lysine. 

These fractions were further diJieren- 
tiated (a) by a second passage through a 
cation exchange column using the same 

15 resin or a modified resin, (b) the use of 
aqueous-organic solTents which have the 
efiect of diSerentially modiiying the ioni- 
sation of the ampholytes, (c) the use of 
anion-exchangers. Thus pure samples of 

^0 aspartic acid, histidine and lysine were 
obtained from fractions (1), ip) and (.6) 
respectively by application of method (a). 
Fraction (2; on further fractionation of a 
Zeo- Karb " column using 50% acetone- 

26 Nlla as displacement develo^)er yielded 
aspartic acid, glutamic acid and serine in 
a pure state. A second portion of traction 
(2) was passed down a column of the coin« 
mercial anion-eschange resin " Deacid- 

SO ite B A mixed fraction containing 
serine and threonine passed through the 
colxunn without being adsorbed by the 
resin, while glutamic acid was retained. 
Pure glutamic acid was recovered by dis- 

35 placement with O.IN hydrochloric acid 
solution. 

In cases where it is desired to isolate 
particular amino acids from the hydro- 
lysates of natural proteins, it is advanta- 

40 geous to choose a protein in which the 
amino acid is especially abuiidant. Thus, 
the protein mixture gluten obtained 
from wheat is a particularly good source 
of fplutamic acid and high yields of this 

45 ammo acid are obtainable by the method 
given in. example, (3j from the acid hydro- 
lysis product of the wheat protein. 

Sinularly a protein may be chosen 
because of the absence in it of a component 

50 which interferes with the separation of 
a desired amino acid. For instance, the 
proteins salmine and clupeine, prepared 
from the sperm of the salmon and the 
herring respectively, do not contain all 

B8 the members of the mono amino mono- 
carboxylic acid group, which are diffi- 
cult to separate one from another Xhese 
two proteins are composed largely of 
arginine, serine, valine and proline and 

60 on hydrolvsis yield a mixture which may 
be separated into the constituent amino 
acids by the techniques illustrated m 

example (3). , , ^ -i j i 

Having now particularly descnbed and 
66 ascertained the nature , of our said "iven- 



tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

1. A meihod of fractionation of solu- 
tions coutaiiiiug mixed soiufces consisting /U 
at least in part oi organic solutes oi* biu- 
iogical origin which includes tiie sttrj.s of 
passing the solution into a column of a 
paniculate ion-exchange material wherein 
components to be separated are chemic- ?5 
uiiy bound and then displacing said bound 
components out of the column in tuin 
by passing into the column a single 
dfcvelojier compiiiiing a solution of a sub- 
stance which is more strongly bound by SO 
the column material than any of the com- 
ijonencs to be displaced, whereby the com- 
ponents are displaced in turn according 

to their relative affinities for the column 
material. 85 

2. A method of fractionation of solu- 
lions containing mixed solutes consisting 
at least in Ijart of organic solutes of bio- 
logical origin which includes the steps 

of passing the solution into a first colainn 9q 
oi a particulate ion-exchange material 
vrherein some of the components to be 
Separated are chtmically bound, passing 
the effiuent from the first column into a 
-second column of a particulate ion- 95 
exchange material of opposite character 
to that in the first column wherein othtr . 
of the components to be separated are 
chemically bound, and displacing the 
fractions in tui-u out of the two columns iqq 
by passing into each a single respective 
solution of a substance which is more 
strongly bound by the respective column 
material than is any of the said compon- 
ents chemically bound therein, whereby |05 
the components are displaced in turn 
according to their relative affinities for 
the respective column materials. 

8. A method according to claim 2 in 
which the first column consists of a IXO 
material with acid properties which binds 
cations and the second column consists of 
a material with basic properties which 
removes acids from the solution.^ 

4. A method acco'rdin?' to claim 1 or 3 115 
in which the column material is a syn- 
thetic resin. 

5. A method according to any preceding 
claim wherein the solvent in the solution 
treated is a mixture of water and an oiga- 120 
nic solvent which modifies the ionic dis- 
sociation of "at least one of the solutes to 

be separated in such a way as to differen- 
tiate -its affinity for the column material 
more strongly in relation to other of the 125 
solutes. 

6. A method according to any of claims 
1 to 4 wherein the solvent in the sol ul ion 
treated is a mixture of wafer and an 
organic solvent such that at least 02ie of 130 
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the solutes to be separated has a more 
favorable partition coefficient between 
water and tbe said solvent tban liave otlier 
of tbe solutes. 
5 7. A metbod according to any preceding 
claim in wbicb tbe mixed solutes include 
strong^ bases, in ^rbich tbe colujnn consists 
of a cation-excbange syntbetic resin sub- 
stantially free from pbenolic byroxyl 
10 radicles and in wbicb tne displacing solu- 
tion is of a base stronger tban tbe strong- 
est basic solute bound in tbe column. 

8. A metbod according to any preceding 
claim iu wbicb tbe displaced solutes are 

18 sorted by deteamination of a ;pbysical pro- 
perty wbicb differs for tlie several dis- 
placed solutes. 

9. A metbod as claimed in claim 8 in 
wbicb tbe physical property by tbe aid 

20 of wbicb sorting is effected is electrical 
conductivity. 



10. A metbod according to any preced- 
ing claim as applied to an aqueous solu- 
tion containinfj bydrolised proteins, tbe 
column consisting of ion-excbange syn- S6 
tbetic resin of acid character. 

11. A mettod according to claim 10 
wherein the displacing base is ammonia. 

12. A metbod according to claim 10 as 
apiglied to an aqueous solution of mixed 80 
amino acids, tbe column consisting of ion- 
exchange syntbetic resin of aUcaUne 
character. 

13. A method according to claim 12 
wherein the displacing solution is hydro- 85 
chloric acid. 

Dated this 31st day of May, 1948. 
SEl?T0W-J01TES, O'DELL & 
STEPHEITS, 
Chartered Patent Agents, 
15, Great James Street, London, W.0.1, 
Agents for the Applicants. 
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